INTRODUCTION
Although whorls of smooth membranes have been observed in interstitial cells of the mouse testis (3) and in a variety of cells under normal and pathological conditions (13) , relatively few observations of membranous whorls composed of rough endoplasmic reticulum have been reported. Concentric arrays of paired, rough-surfaced membranes have been described in adipose cells of the leech Glossiphonia complanata (1) , midgut epithelial cells of the mosquito Aedes aegypti (12) , and oocytes (16) and spermatocytes of Ascaris (6) . The occurrence of concentric whorls of rough endoplasmic reticulum in adrenocortical cells of the Mongolian gerbil is reported in the present paper.
MATERIALS AND METHODS
Adrenals of 15 male Mongolian gerbils, Meriones unguiculatus, weighing 55-60 g were cut into 1 mm thick slices, fixed in cold 5% glutaraldehyde buffered with 0.075 M cacodylate (pH 7.2) for 4 hr (11), and rinsed overnight in cacodylate buffer containing 0.25 M sucrose. While in buffer, smaller pieces of inner and outer cortex were cut from the slices with a fine scalpel under a dissecting microscope. Further washing in FIGURE 1 A whorl of rough endoplasmic reticulum (w) in a reticularis cell of the gerbil adrenal. In an adjacent 1 thick section stained with toluidine blue, shown in the insert, the whorl appears as a basophilic dense body (arrow). Mitochondria (m) with tubular cristae. X 3000.
buffer was followed by postfixation for 2 hr in 1% osmium tetroxide buffered with 0.1 M cacodylate containing 0.25 M sucrose (pH 7.2). The tissue was then dehydrated in a graded series of ethanol and embedded in Epon 812. Ultrathin sections were cut on a Porter-Blum ultramicrotome, stained with uranyl acetate (14) and lead hydroxide (10) , and examined with aJEM T6S electron microscope.
Thick sections were stained with toluidine blue to demonstrate regions of intense basophilia in adrenocortical cells attributable to concentrations of cytoplasmic ribonucleoprotein. Subsequently, alternate thick and thin sections were examined under the light and electron microscopes, respectively, to determine the ultrastructure of strongly basophilic cytoplasmic bodies observed in thick sections.
The number of paired membranes comprising the whorls was counted in electron micrographs.
RESULTS
Concentric arrays of paired, rough-surfaced membranes ranging from 3 to 6 u in diameter were observed in cells located at the region of the fasciculata-reticularis boundary in adrenals of young male gerbils. The presence or absence of large numbers of lipid droplets in cells was used as the criteria for distinguishing between fasciculata and reticularis cells. Examination of thick sections with the light microscope revealed that cells laden with lipid droplets did not contain the basophilic elements, whereas cells with few or no lipid droplets frequently contained one or two small round bodies which were stained deeply by toluidine blue. No similar basophilic bodies were observed in cells of the zona glomerulosa, outer fasciculata, or inner reticularis.
The position of the basophilic bodies was established in thick sections by noting their orientation with respect to the cell nucleus, neighboring cells, and endothelial structures so that the same element could be identified in an adjacent thin section. Round bodies seen with the light microscope were found to correspond to concentric 860 B a I E F N FIGURE 2 This membranous whorl in a reticularis cell is made up of complete (1), partially double (2), or incomplete rings (3) in cross-section. Mitochondria are often seen in the center, and less frequently, between the lamellae of whorls. Scale line is equal to l1. X 16,900. whorls of paired, rough-surfaced membranes in thin sections examined with the electron microscope (Fig. 1) .
The granules associated with the paired membranes in the whorls are similar in size to the ribosomes of the rough endoplasmic reticulum in the adrenocortical cells. The increased electron opacity of the granules attached to the membranes of whorls upon staining with uranyl acetate provides further support for the ribosomal nature of these granules (13) . In addition, continuities often observed between the most peripheral rough-surfaced membranes of the whorls and the cisternae of the rough endoplasmic reticulum in the cytoplasm indicate that the whorls are composed of endoplasmic reticulum (Fig. 2) . Clusters of rough-surfaced vesicles are frequently seen at the periphery of the membranous whorls. In cross-section, the paired membranes comprising the whorls appear as either complete, partially doubled, or incomplete rings (Fig. 2) . Mitochondria and electron-opaque membrane-bounded inclusions are observed frequently in the center of the whorls.
The number of paired membranes forming the concentric whorls appears to be relatively uniform. More than 85% of the whorls contained between 11 and 19 paired membranes. No less than eight and no more than 25 lamellae were observed in any of the whorls. In addition, the profiles of whorls seen in section are almost always nearly circular.
DISCUSSION
Although whorls of rough endoplasmic reticulum have not been reported in fine structural studies of adrenals, similar elements have been described in several other types of normal cells (2, 8, 16) , as well as in pathologically altered cells (4, 5, 7) . Although whorls in normal and pathological cells are similar in appearance, the question as to the function of rough-surfaced whorls has not been resolved completely. The presence of whorls in pancreatic acinar cells following recovery from ethionine treatments (9) , in developing chondroblasts (8) and osteoblasts (2) , in adipose cells of the leech (1), and in the pancreas after fasting followed by refeeding (1 7) suggests that these structures may be involved in the formation and regeneration of endoplasmic reticulum. Reports of the appearance of whorls composed of rough-surfaced membranes in hepatomas (7) and in liver cells after dimethylnitrosamine treatment (4) suggest, however, that whorls also may arise during cellular degeneration, possibly as a compensatory reaction to cell injury.
One proposed function of whorls composed of rough membranes is that of serving as a reserve of rough endoplasmic reticulum for the synthesis of enzymes. This possibility has been suggested in the case of whorls which disappeared from intestinal epithelial cells of the mosquito Aedes aegypli (12) following a blood meal. Similarly, whorls of roughsurfaced paired membranes in spermatocytes of Ascaris (6), possessing a centrally located proteinaceous droplet, appear to be involved in the elaboration of the droplets.
Although the morphological observations reported in the present study do not provide any clues regarding their functional significance, the exclusive localization of membranous whorls to the fasciculata-reticularis border in the gerbil adrenal suggests that these cells may represent a transitional stage between fasciculata and reticularis cells. The possibility finds support in Symington's concept (15) of the fasciculata and reticularis in the rat adrenal as a functional unit in which clear cells in the fasciculata are transformed into compact cells resembling those found in the reticularis. The transitional zone, according to this concept, is found at the fasciculata-reticularis border. Another possibility is that these whorls of rough endoplasmic reticulum may serve as a reserve of endoplasmic reticulum which could be utilized for the synthesis of enzymes for steroid synthesis.
The whorls appear to be spherical in shape, since the profiles seen in section are almost always nearly circular. It would be expected that any plane of sections through a spherical structure would produce circular profiles. On the other hand, if the three-dimensional structure of the whorls resembled a cylinder, there would be a probability Although the origin of the membranous whorls is uncertain, the frequently observed association of numerous rough-surfaced vesicles with the peripheral elements of the whorls suggests their formation by a fusion of these vesicular elements with the outermost cisternae of the whorls. Alternatively, these vesicular elements of the endoplasmic reticulum could arise from the peripheral cisternae of whorls by a pinching-off process.
The administration of ACTH should provide a means of determining whether the whorls are altered under conditions where steroidogenesis is stimulated in adrenocortical cells. The effect of
